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(54) Vehicle bumper and hood airbag system 

(57) A vehicle-mounted system has a bumper (2), 
an airbag (8). a pedestrian sensor (3), and an inflator 
(9). The bumper (2) is mounted to the front end of the 
vehicle front body (1a). A hood (10) is mounted to the 
front body (1a), to the rear of the bumper (2). The airbag 
(8) is disposed in a region between the front end of the 
bumper and the rear end of the hood. The sensor (3) 
detects or pre-detects a collision between a pedestrian 
(M) and the vehicle (1). and generates a collision signal. 
The inflator (9) receives the collision signal, in response 
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to which it generates and supplies gas so as to expand 
the airbag (8). The airbag (8) expands forward, inclined 
upwardly, to cover an upper surface of the bumper (2) 
and a front end of the hood (10). The airbag (8) has a 
high-rigidity part (1) on at least a front side thereof for 
receiving the gas from the inflator (9). The high-rigidity 
part (11) receives an impact force from the pedestrian 
(M). The airbag expansion direction substantially 
opposes the direction of exertion of the impact force. 
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Description 

[0001] The content of Application No TOKUGAN- 
HE1 1 1-021734 which was filed in Japan on January 29, 
1999 and on which the claim to priority for this applica- 
tion is based, is hereby incorporated by reference. 
[0002] The present invention relates to an airbag 
system mounted to the front end of a vehicle. 
[0003] Related apparatuses are disclosed in the 
Japanese Unexamined Laid-Open Patent Application 
publications H6-144154 and H7- 125605. 
[0004] A shock-absorbing apparatus for a pedes- 
trian is shown in the Japanese Unexamined Laid-Open 
Patent Application publication H6-144154, which 
expresses an airbag expands straight forward from a 
bumper. This type of apparatus needs large capacity of 
the airbag for covering all forward ranges, and requires 
long time for expansion. Additionally, the bumper size 
increases to store the large-capacity airbag, the bumper 
has less design freedom. 

[0005] With the hood airbag apparatus of the Japa- 
nese Unexamined Laid-Open Patent Application publi- 
cation H7-125605, the airbag expands over a large 
upper surface of the hood. For this reason, the capacity 
of the airbag becomes large, and the time required for 
expansion becomes long. It is additionally necessary 
install the large-capacity airbag in the small space 
between the hood and the engine unit, thereby impos- 
ing a severe restriction on the design of the front part of 
the vehicle. 

[0006] Accordingly, it is an object of the present 
invention to provide an airbag system for pedestrian 
protection which provides protection for a pedestrian, 
taking into consideration actual behavior when an colli- 
sion occurs, and which also enables the capacity of the 
airbag to be made small. 

[0007] An airbag system on a vehicle front body 
according to the present invention has a bumper, a 
hood, an airbag, a pedestrian sensor, and an inflator. 
The bumper is attached to a front end of the front body. 
The hood is mounted on the front body in back of the 
bumper. The airbag is disposed between a front end of 
the bumper and a rear end of the hood. The pedestrian 
sensor detects or pre-detects a vehicle front collision 
with a pedestrian and generating a collision signal. The 
inflator receives the collision signal to generate and 
supply gas for expanding the airbag. The airbag has a 
high-rigidity part disposed on at least a front side 
thereof for receiving the gas from the inflator. and 
expands to cover an upper surface of the bumper and a 
front end of the hood. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] 

Fig. 1 is a side view of the front part of a vehicle, 
showing the condition in which a pedestrian is pro- 



tected by an airbag system according to the first 
embodiment; 

Fig. 2 is a detailed cross-section view of the front 
part of the vehicle; 
5 Fig. 3 is a cross-section view of the expanded con- 
dition of the airbag; 

Fig. 4A is a schematic representation of the condi- 
tion in which a colliding object is in contact with an 
airbag not having a high-rigidity part; 

10 Fig. 4B is a schematic representation of the condi- 
tion in which a colliding object is in contact with an 
airbag having a high-rigkfty part; 
Fig. 5 is a graph showing the start of repelling force 
with different effective surface areas; 

15 Rg. 6 is a cross-section view showing an airbag 
according to the second embodiment; 
Fig. 7 is a cross-section view showing an airbag 
according to the third embodiment; 
Rg. 8 is a cross-section view showing an airbag 

20 according to the fourth embodiment; 

Rg. 9 is a cross-section view showing an airbag 
according to the fifth embodiment; 
Rg. 10 is a perspective view showing an airbag 
according to the fifth embodiment; 

25 Rg. 11 is a cross-section view showing the condi- 
tion of an airbag according to the sixth embodiment, 
before expansion; 

Rg. 12 is a cross-section view showing the condi- 
tion of an airbag according to the sixth embodiment, 

30 after expansion; 

Rg. 13 is a cross-section view showing an airbag 
according to the seventh embodiment; 
Rg. 14 is a cross-section view showing an airbag 
according to the eighth embodiment; 

35 Rg. 15 is a cross-section view showing the condi- 
tion of an airbag according to the ninth embodiment 
before expansion; 

Rg. 16 is a cross-section view showing the condi- 
tion of an airbag according to the ninth embodiment 

40 after expansion; 

Rg. 17 is a cross-section view showing an airbag 
according to the tenth embodiment; 
Rg. 18 is a cross-section view showing an airbag 
according to the eleventh embodiment; 

45 Rg. 19 is a cross-section view showing an airbag 
according to the eleventh embodiment; 
Rg. 20 is a cross-section view showing an airbag 
according to the twelfth embodiment; and 
Rg. 21 is a cross-section view showing an airbag 

so according to the thirteenth embodiment 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

55 [0009] Preferred embodiments of an airbag system 
for reducing an impact for a pedestrian according to the 
present invention are described below in detail, with ref- 
erence being made to relevant accompanying drawings. 
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[0010] Fig. 1 to Fig. 5 show an airbag system 
according to the first embodiment of the present inven- 
tion. A vehicle 1 has a vehicle front body 1a and the air- 
bag system. 

[0011] The airbag system has a pedestrian sensor 
3 for detecting or pre-d electing a collision with a pedes- 
trian M or the Oke, disposed within a bumper 2 provided 
at the front part of the front body 1 a. A first cross mem- 
ber 4 is disposed along the width direction of the vehicle 
inside the bumper 2. A metal backup member 6a (6) 
and an end part of the bumper 2 are mounted with bolts 
on the upper surface of the f irst cross member 4 with an 
intervening reinforcement member 5 having a hat- 
shaped cross-section. The backup member 6a extends 
toward the front along the upper surface of the bumper 
2 comprising outer-surface member. 
[0012] A grille 7 is installed above the bumper 2 
comprising outer-surface member. An airbag 8 and an 
inflator 9 are supported by a backup member 6b (6) 
behind the grille 7. The airbag 8 has a bag-shaped air- 
bag body 8a stored in a folded -up condition. The airbag 
body 8a is given a bag shape and expanded by means 
of a signal from the pedestrian sensor 3. passes 
through an opening provided by pushing away the grille 
7, and expands further so as to deploy in a manner that 
causes it to cover an area ranging from the upper sur- 
face of the bumper 2 to substantially the rear end part of 
a hood 10. Therefore, the airbag 8 has a small capacity, 
so that even when it is stored behind the grille 7 it does 
not affect the layout of other equipment A high-rigidity 
part 11 having a rigidity that is greater than the other 
parts of the airbag body 8a is provided at part of or over 
the entire area of substantially the front part of the air- 
bag 8. The high-rigidity part 1 1 is formed by increasing 
the thickness of part of the airbag body 8a. A condenser 
12, a radiator 13 and the like are disposed behind the 
airbag 8 configured in the above-noted manner. 
[0013] A hood 10 is disposed above the grille 7. A 
backup member 6c (6) having a hat-shaped cross-sec- 
tion is mounted at the front edge of the lower surface of 
the hood 1 0. The three backup members 6a, 6b, and 6c 
are oriented so as to be substantially perpendicular to a 
direction that is inclined upward toward the direction of 
travel of the vehicle. The backup member 6 may alterna- 
tively being either one member or four or more mem- 
bers. While the repelling members 6 in this embodiment 
are formed by reinforcement members of the hood 10 
and bumper 2, these can be formed by the hood 10 and 
bumper 2 themselves. 

[0014] The operating action of this embodiment is 
as follows. 

[001 5] First, when the pedestrian sensor 3 installed 
within the bumper 2 detects or pre-d elects a collision 
with a pedestrian M, an operating signal (collision sig- 
nal) is output to the airbag 8, causing the airbag 8 to 
expand, pushing out the grOle 7, thereby forming an 
opening therein, through which the airbag 8 passes to 
outside the vehicle. Once outside the vehicle, the airbag 



8 expands further so as to cover an area rancpng from 
the upper surface of the bumper 2 to substantially the 
front end part of the hood 10. Because the airbag 8 
expands over only the above-noted Bmrted area, it has a 
5 small capacity, thereby shortening the time required for 
expansion. 

[0016] A femur and waist of a pedestrian collide to 
the vehicle after the first collision between the pedes- 
trian leg and vehicle front body. As the direction of the 

w second collision is upward and slant to the traveling 
direction of the vehicle, effective repulsion force is pro- 
duced by the backup member 6 positioned in a direct at 
right angle to the second collision direction. 
[0017] The repulsion force proposes to a deformed 

is area of the airbag formed by collided leg or femur or 
waist of the pedestrian. The front part of the airbag 8 
has higher rigidity than other parts of the airbag 8 and 
forms high rigkfity part 11. So, the impact from the 
pedestrian is loaded to the high rigidity part 1 1 and the 

20 high rigidity part 11 deforms much area of the airbag 8, 
makes a large effective area which distributes impact all 
of the airbag 8 shown in Figs. 4a and 4b. The large 
effective area can produce a rapid rise of the energy 
absorption curve during a first stage of the collision, and 

25 improves the energy absorption characteristics. 

[Q018] Fig. 6 is a drawing showing the second 
embocBment of the present invention. In this embodi- 
ment a separate high-rigidity part 14 is provided in the 
airbag 8, the high-rigidity part 14 being formed by two 

30 layers of cloth that are superimposed on the inner sur- 
face of the airbag body 8a. Because there is no need to 
change the thickness and construction of the airbag 
body 8a itself, it is possible to use an already-manufac- 
tured airbag body 8b. The cloth layers can alternatively 

35 be either one layer or 3 or more layers, and these can 
alternatively be superimposed on the outer surface of 
the airbag body 8a 

[0019] Fig. 7 is a drawing showing the third embod- 
iment of the present invention. In this embodiment the 

AO airbag 8 is provided with a separate high-rigkfity part 1 5. 
The high-rigidity part 15 is formed by fixing a single 
layer of resin material to the inner surface of the airbag 
body 8a. The third embodiment does not need to 
change the thickness or construction of the airbag body 

45 8a itself, it is possible to use an already-manufactured 
airbag body 8a. ft is alternatively possible to use a 
metallic material in place of the resin material, or to 
attach the material on the outer surface of the airbag 
body 8a. 

so [0020] Fig. 8 is a drawing showing the fourth 
embodiment relates to a high-rigid rty part 16 fitted on 
the airbag 8. In this embodiment, the high-rigidity part 
16 is separated with 4 parts easy to storage in the vehi- 
cle. Thus, four high-rigidity parts 16 with small vertical 

55 widths are deposed in a row with their lengths oriented 
in the lateral direction on either the inner surface or the 
outer surface of an airbag body 8a. The lateral direction 
length of the high-rigidity parts 16 is long and the high- 
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rigidity parts are cfivided into four in the vertical direc- 
tion, the foWed-up storage of the airbag body 8a is facil- 
itated. 

[0021] Fig. 9 and Fig. 10 are drawings showing the 
fifth embodiment of the present invention. In this 
embodiment, a redosable lid 1 7 is formed in front of the 
airbag 8. The lid 1 7 controls the expansion of the airbag 
8, and provides a guide so that the airbag 8 reliably 
expands to outside the vehicle from the opening in the 
gride 7. The airbag 8 and inf lator 9 are disposed bottom 
in the opening not to protrude the edge of the lid outside 
to the vehicle. The edge of the lid 1 7 is disposed within 
the vehicle 1; the pedestrian M does not come into con- 
tact with the ends of the Bd 17. 
[0022] Fig. 11 and Fig. 12 are drawings showing the 
sixth embodiment of the present invention. In this 
embodiment, the grille 7 is f ixed to a part of the substan- 
tially front part of the airbag 8, the grille 7 serving as a 
high-rigidity part The airbag 8 is jerked by the grille, and 
expands forward from the opening in the p/iUe 7 with 
reliability. There is no need for a Bd to serve as a guide, 
as is done in the fifth embocfiment thereby reducing the 
number of parts. 

[0023] Fig. 13 is a drawing showing the seventh 
embodiment of the present invention. In this embodi- 
ment, a grille 18 is integrally formed with the airbag 
body 8a of the same material trier eas, so as to serve as 
a high-rigkfity part The grille 18 is a dummy, does not 
pass air, air is introduced by an air intake not shown in 
the drawing. According to this embodiment, the airbag 8 
and the grille 18 are formed together to achieve a fur- 
ther reduction in the number of components. 
[0024] Fig. 14 is a drawing showing the eighth 
embodiment. In this embodiment a notch 30 is formed 
in part of the airbag body 8a, and a separately provided 
grille 19 is mounted to the notch 30 as a high-rigidity 
part The grille 1 9 is a dummy that does not pass air. As 
the grille 19 is provided in a separate element, the man- 
ufacture of the airbag 8 is simpler than in the seventh 
embodiment. 

[0025] Fig. 15andFig. 16 are drawings showing the 
ninth embodiment of the present invention. In this 
embodiment, the upper end of a grille 20 is hinged to the 
vehicle body by a hinge 21 to swing the grille 20 to the 
upper side of the hood 10 during the expansion. The 
grille 20 is used as a backup member of the air bag. The 
grille 20 absorbs the impact of the hood from collided 
pedestrian. 

[0026] Fig. 17 is a drawing showing the tenth 
embodiment of the present invention. In this embodi- 
ment, the airbag 8 and the inf lator 9 are housed in a 
bumper 2 through an opening at the front part of the 
vehicle. The opening is covered with a Bd 22 provided 
on the upper surface of the bumper 2. During expan- 
sion, the airbag 8 passes through an opening to cover 
an area rangi ng from the upper surface of the bumper 2 
to substantially the front end part of the hood 10, 
thereby achieving an effect similar to that of the first 



embodiment As the lid 22 is hinged the front end of the 
bumper 2 by a hinge 23. the edge of the lid faces to the 
ground with the expansion. So, a pedestrian M or the 
like is prevented from contacting the edge 22a of the lid 

5 22. 

[0027] Fig. 18 and Fig. 19 are drawings showing the 
eleventh embodiment of the present invention. In this 
embodiment in addition to the configuration of the tenth 
embodiment a wire 24 is provided as a stopper 
10 between the end 22a of the lid 22 and the rear end of 
the bumper 2. During expansion, the wire 24 maintains 
the lid 22 to a position that is inclined slightly to the rear 
side of the vehicle. The lid 22 is inclined slightly to the 
rear, a pedestrian M or the like does not direct contact 
is with the end 22a of the Bd 22. Additionally, the lid 22 
serves as a high-rigidity part the large effective surface 
area of a collision with a pedestrian M or the like is got 
by this, and attains more effective impact absorption. 
[0028] Fig. 20 is a drawing showing the twelfth 
20 embodiment of the present invention. In this embodi- 
ment a link 25 is used as a stopper instead of the wire 
used in the eleventh embodiment 
[0029] Fig. 21 is a drawing that shows the thirteenth 
embodiment of the present invention. In this embodi- 
es mem, a spring 26 is used as a stopper instead of the 
wire used in the eleventh embodiment Commonly, the 
lid 22 is pulled by the spring 26 in the downward direc- 
tion to cover the upper surface of the bumper 2 and 
opened by the airbag with opposition force of the spring 
30 26 only when the airbag 8 expands. 

Claims 

1 . An airbag system mounted on a vehicle front body 
35 (1a), comprising: 

a bumper (2) attached to a front end of the front 
body (1a); 

a hood (10) mounted on the front body (1a). to 
40 the rear of the bumper (2); 

an airbag (8) disposed in a region between a 
front end of the bumper (2) and a rear end of 
the hood (10); 

a sensor (3) for detecting or pre-detecting a 
45 vehicle front collision with a pedestrian and 

generating a collision signal; and 
an inflator (9) which receives the collision sig- 
nal and generates and supplies gas for 
expanding the airbag (8); 
so wherein the airbag (8) has a high-rigidity part 

(7;11;14;15;16;18;19) disposed on at least a 
front side thereof for receiving the gas from the 
inflator (9), and expands to cover an upper sur- 
face of the bumper (2) and a front end of the 
55 hood (10). 

2. An airbag system mounted on a vehicle front body 
(1a), comprising: 
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a bumper (2) attached to a front end of the front 
body (1a); 

a hood (10) mounted on the front body (1a), to 
the rear of the bumper (2); 
an airbag (8) disposed in a region between a 
front end of the bumper (2) and a rear end of 
the hood (10). 

inflation means (9) for generating and supply- 
ing gas for expanding the airbag (8); 
detecting means (3) for detecting a pedestrian 
and generating a signal; and 
control means for controlling the inflation 
means (9) according to the signal from the 
detecting means (3); 
wherein: 

the airbag (8) expands forward, inclined 
upwardly, to cover an upper surface of the 
bumper (2) and a front end of the hood 
(10); 

the airbag (8) has a high-rigidity part 

(7;11 ;14;15;16;18;19) disposed on at least 

a front side thereof for receiving the gas 

from the inflation means (9); 

the high-rigidity part receives an impact 

force from the pedestrian; and 

an expansion direction of the airbag (8) 

substantially opposes an exertion direction 

of the impact force. 

3! An airbag system according to claim 1 or 2, includ- 
ing a forward canted backup member (6) on the 
front body (1 a) opposed to the expanded airbag. 

4. An airbag system according to any of claims 1 to 3, 
including at least one operable lid (1 7) connected to 
the front body, for controlling a direction of the air- 
bag expansion. 

5. An airbag system according to any of claims 1 to 4, 
including an outer-surface member (17;18;19;20), 
the airbag (8) being disposed behind the outer-sur- 
face member. 

6. An airbag system according to claim 5, wherein the 
high-rigidity part comprises the outer-surface mem- 
ber (7;18;19). 

7. An airbag system accord ng to claim 5 or 6, wherein 
the outer-surface member comprises a front grille 
(7;18;1920), and the airbag (8) is cfisposed 
between the front grille and a radiator (13). 

8. An airbag system accord ng to claim 6, wherein the 
airbag (8) comprises an airbag body (8a) substan- 
tially having a bag shape, and the outer-surface 
member (7) is fixed to an outer surface of the airbag 
body (8a). 



9. An airbag system according to claim 6, wherein the 
airbag (8) comprises an airbag body (8a) substan- 
tially having a bag shape with a notch (30), and the 
outer-surface member (19) is fixed to the airbag 

5 body (8a) and ctoses the notch (30). 

10. An airbag system according to claim 5, wherein the 
outer-surface member (20) is hinged to rotate 
toward an upper surface of the hood (10). 

10 

1 1 . An airbag system according to claim 1 or 2, wherein 
the airbag (8) is disposed in the bumper (2), an 
opening is formed in the upper surface of the 
bumper (2), the opening is covered with a Bd (22), 

15 and one end (23) of the Bd (22) is rotataWy con- 
nected to the bumper (2), the arrangement being 
such that the other end of the Bd is directed down- 
ward after the airbag (8) has expanded through the 
opening. 

20 

12. An airbag system according to claim 1 or 2, wherein 
the airbag (8) is disposed in the bumper (2), an 
opening is formed in the upper surface of the 
bumper (2), the opening is covered with a lid (22), 

26 one end (23) of the lid (22) is rotatabry connected to 
the bumper (2), and a stopper (24£5;26) is pro- 
vided between the lid (22) and the bumper (2) to 
prevent the lid from rotating over a rearwardly 
inclined standing position on the upper surface of 

30 the bumper (2) when the airbag (8) expands 
through the opening. 
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